However, IgM could be detected due to nonspecific polyclonal activation of the immune system. An avidity test for anti-HAV IgG was developed to distinguish acute infection, where low-avidity antibodies are detected, from immune reactivation. The assay was tested on 104 samples, including 11 sera from patients with past infection, 15 sera from patients with acute infection and 4 collected after recovery, 10 sera from vaccinated subjects, 4 sera from patients with suspected immune reactivation, and 60 unselected HAV-IgM positive sera, collected over 1 year in a routine laboratory. The avidity index (AI) was expressed as percentage. The results were provided as the mean ؎ one standard deviation. Patients with a history of prior infection had AIs of >70% (mean, 86% ؎ 10), whereas the mean AI was 36% ؎ 16 during acute HAV infection (P < 0.001). Within the first month after the onset of hepatitis, avidity was either noncalculable due to a very low IgG titer or <50%. In patients with immune reactivation, avidity was >70% (88% ؎ 10%), a finding consistent with a prior infection. Among the 60 unselected sera, 35 (58%) had a noncalculable or <50% avidity, and most of them had a detectable HAV RNA, confirming HAV infection. In contrast, 16 (27%) had an avidity of >70%, and none was reverse transcription-PCR positive, suggesting immune reactivation. These 16 patients were significantly older than the others (50 ؎ 16 years versus 26 ؎ 14 years). The new anti-HAV IgG avidity assay we developed could improve HAV infection diagnosis, particularly in elderly patients.
Hepatitis A virus (HAV) is the most common cause of acute viral hepatitis in the world (9) . As a result of the improvement in public sanitation and hygiene conditions, there has been a striking reduction in HAV endemicity in western countries over the past few decades (10, 17) . The shift from high to intermediate or low endemicity leads to a change in the age of individuals susceptible to hepatitis A, from children to adolescents or adults. In general, infection during childhood is asymptomatic or anicteric, whereas infection in adults is often more severe. Diagnosis of acute hepatitis A is based on the detection of the immunoglobulin M (IgM) antibody to HAV (HAV-IgM) in patients who present with clinical features of hepatitis. Nevertheless, since many cases of hepatitis A are asymptomatic, HAV-IgM can be found without clinical symptoms or biological abnormalities (18) . IgM antibodies directed against specific viral antigens can be detected due to nonspecific polyclonal activation of memory cells from a previous infection with an unrelated agent. Immune cells may became activated during viral infections or immune diseases (1, 5, 12, 14) . Thus, Anti-HAV IgM detection could also correspond to immune reactivation in some cases.
To confirm HAV infection in HAV-IgM-positive patients, HAV RNA can be tested for in blood and stools, but its detection can be transitory (15) , and this test is not performed in regular laboratories. Therefore, complementary tests may be needed for the positive diagnosis of this infection. The measurement of the specific IgG avidity index (AI) has proven to be useful in a number of viral infections in immunocompetent patients, including rubella virus (8) , cytomegalovirus (3), varicella-zoster virus (11), Epstein-Barr virus (2), and parvovirus B19 (16) . Low-avidity antibodies are detected in cases of acute infection, whereas high-avidity antibodies are present in subjects with a history of prior infection. The normal immune response includes maturation from low-to high-avidity antibodies that are maintained for life. In the present study, we developed and analyzed the performance of an avidity test for HAV IgG antibodies.
MATERIALS AND METHODS
Serum samples. The study was performed on 104 serum samples stored at Ϫ20°C until use. Sera were as follows. Group 1 consisted of 11 samples from patients known to be immune (they had had a prior HAV infection), i.e., they were total HAV antibody (HAV-IgGϩIgM) positive and HAV-IgM negative. Group 2 consisted of 15 samples from patients with acute hepatitis A diagnosed on the basis of detectable HAV-IgM and clinical symptoms. Acute HAV infection was further confirmed by the detection of HAV RNA in serum in 10 of 12 tested cases. Group 3 was composed of four specimens from 3 of the previous 15 patients collected after recovery from acute HAV infection. The sera were sampled more than 2 months after the onset of symptoms and tested for avidity in the same assay as the early sample. Group 4 included 10 sera from HAVvaccinated patients; these samples were obtained 3 to 84 months after vaccination. Group 4 was made up of 4 samples from patients with probable immune reactivation: HAV-IgM positive and negative for HAV viremia and hepatic cytolysis attributable to other causes than HAV. The clinical data for these patients were as follows. One male patient, 81 years old, also had detectable IgM to cytomegalovirus and Epstein-Barr virus, in the context of a chronic active hepatitis of indeterminate cause. Two of the patients, an 87-year-old man 87 and a 78-year-old woman, had mild hepatic cytolysis related to drug toxicity during antituberculosis treatment. HAV IgM also tested positive in sera sampled more than 1 year previously, and HAV viremia was negative. Finally, one 57-year-old woman presented with mild hepatic cytolysis, attributed to drug toxicity during the treatment of a hematological malignancy. The last group, group 6, included 60 sera collected between November 2002 and November 2003 that were positive for HAV-IgM supplied by a nonacademic routine laboratory; no clinical data were available for these sera.
Procedures. (i) HAV routine serology. The sera of groups 1 to 4 were tested for HAV-IgGϩIgM with the ETI-AB-HAVK-3 kit (DiaSorin, Sallugia, Italy) and for HAV-IgM with the Vidas IgM assay (bioMérieux, Marcy l'Etoile, France). The sera of group 5 were tested for HAV-IgM with the HAVAB-M version 2 AxSYM (Abbott Laboratories, Abbott Park, Ill.).
(ii) HAV IgG detection. The current diagnostic assays for HAV antibodies are competition-based enzyme-linked immunosorbent assays (ELISAs). These assays detect both IgG and IgM and do not permit the measurement of avidity. We thus developed an in-house assay for anti-HAV IgG detection. Samples were tested by using ELISA plates coated with HAV antigens (VAI ELISA plates; Viral Antigen, Inc., Memphis, Tenn.). The procedure recommended by the manufacturer was followed. Briefly, samples and controls were diluted 1:21 with sample diluent provided by the manufacturer. Dilutions were dispensed in each well and incubated 30 min at room temperature. Plates were washed three times with wash buffer (1 M phosphate-buffered saline, 1% bovine serum albumin, 0.05% Tween 20), and then IgG conjugate was added (alkaline phosphataseconjugated rabbit anti-human IgG diluted 1:500 in wash buffer) (Dakocytomation, Trappes, France). After 30 min of incubation at room temperature, the plates were washed three times with wash buffer and substrate was added (p-NPP [Sigma] diluted in 5 ml of 0.1 M diethanolamide [Sigma-Aldrich, Saint Quentin Fallavier, France]). After 15 min incubation at room temperature, stop solution (1 M NaOH) was added. The absorbance was read at 405 nm.
The cutoff value of the assay was set at three standard deviations (SDs) above the mean optical density values obtained with three sera, negative for both HAV-IgM and HAV-(IgGϩIgM), included in each plate.
(iii) HAV-IgG avidity test. To measure HAV-IgG avidity, samples were tested with the HAV-IgG test carried out as described above and, in parallel, by using a 6 M urea wash step after the first incubation as previously described (7) . Each serum sample was incubated in duplicate, and then the wells were washed three times (5 min each) with wash buffer containing or not containing 6 M urea. A final fourth wash was done in all wells. The subsequent steps were performed according to the manufacturer's instructions.
The avidity index (AI) was expressed as a percentage as follows: AI ϭ (the absorbance reading with urea wash/the absorbance reading without urea wash) ϫ 100.
(iv) RT-PCR for HAV genome detection. Patients with available stored sera were tested for HAV RNA. Viral RNA was extracted from 140 l of serum by using a QIAmp Viral RNA kit (Qiagen Courtaboeuf, France). Ten microliters of extracted RNA was subjected to reverse transcription (RT) and PCR amplification by using a One-Step RT-PCR kit (Qiagen) with previously described primers (4). A 512-bp fragment encompassing the VP1/2A junction of the HAV genome was amplified. The sensitivity of the RT-PCR assays was 43 IU/ml as assessed on serial dilutions of the World Health Organization HAV RNA standard purchased from the National Institute for Biological Standards and Control (Hertfordshire, United Kingdom).
Statistical analysis. The results are presented as means Ϯ SDs. Pearson 2 and Student t test were used for statistical analysis.
RESULTS
Characterized samples. In 4 of 15 samples from acutely infected patients, the AIs could not be calculated due to very low IgG titers (below the cutoff). Three of these four patients could be tested for HAV RNA and were positive.
The AIs of the remaining 11 acutely infected patients are shown in Fig. 1 . AIs were Ͻ50% (mean, 29% Ϯ 12%) in 9 of 11 patients, 8 of 9 being tested within the 30 days after the onset of symptoms. Two patients sampled 60 and 45 days, respectively, after symptoms onset had AIs of 57 and 66% with a positive HAV RNA. HAV RNA could not be tested in 2 of the 11 cases. The AIs of these two cases were 22 and 19%, respectively. One of these two patients had a late specimen 2 months later, with an increase in AI from 22 to 100%. The increase of AI over time was evident for two other patients. An index of Ͼ70% was detected 2 to 6 months after disease onset.
Avidity results according to clinical status are shown in Fig.   FIG. 1 . AI values for 11 patients with acute infections according to the date of symptom onset. The evolution over time is indicated for three patients.
Samples from the 11 patients with a prior HAV infection
showed AIs of Ͼ70% (mean, 86% Ϯ 10%), whereas sera from the 11 patients with acute hepatitis had AIs ranging from 19 to 66% (mean, 36% Ϯ 16%) (P Ͻ 0.001). Of the four patients with suspected immune reactivation, the AIs ranged from 79 to 100% (mean, 88% Ϯ 10%). There was no statistical difference in avidity index between past infection and immune reactivation. For vaccinated people, the AIs ranged from 20 to 71% (mean, 44% Ϯ 17%), regardless of the date of vaccination.
Sixty unselected sera with HAV IgM-positive results. The AIs were grouped according to the range of results (Table 1) . Avidity could not be calculated for 19 patients (31%) due to IgG titers below the cutoff of the assay. Of these, HAV RNA could be tested in 15 patients and was positive in 13.
Sixteen of sixty patients (27%) had AIs of Ͼ70%. Among them, 14 were available for HAV RNA testing and were all found to be negative. In contrast, of the 25 samples with a calculable AI of Ͻ70%, 17 of the 21 sera (81%) available for HAV RNA testing were found to be positive (P Ͻ 0.001).
Nine samples (15%) had AIs between 50 and 70%. Two of six available for HAV RNA testing were positive (AIs of 50 and 51%), and four were negative (AI Ͼ 56%).
The mean age of the 16 patients with an AI of Ͼ70% was 50 Ϯ 16 years, whereas the mean age of patients with an AI of Ͻ50% was 26 Ϯ 14 years (P Ͻ 0.001).
DISCUSSION
For a variety of viruses, the specific IgG AI is known to help distinguish class M antibodies produced during primary infection from those produced due to the polyclonal stimulation of the immune system. In the present study we clearly show a statistically significant difference in anti-HAV IgG avidity between documented acute infection (mean ϭ 36%) and prior infection (mean ϭ 86%) (P Ͻ 0.001). In patients with documented immune reactivation, the mean avidity was 88%, which was no different from that of patients with a history of prior infection. Since the timing of the samples in relation to clinical illness onset was specified, the kinetics of avidity increase could be estimated. In the early days of infection, avidity was not calculable in some cases due to very low levels of anti-HAV IgG. When calculable, the avidity remained at Ͻ50% during the first month. Values of Ͼ50% could be detected shortly afterward in patients who were still viremic. Thus, we feel that values of Ͻ50% may be interpreted as corresponding to a recent infection and results of Ͼ70% may be interpreted as evidence of a prior infection. Results ranging from 50 to 70% should be interpreted as a gray zone of the avidity assay, since a protracted course of a recent HAV infection is possible, as shown by HAV RNA positivity in some of these cases.
The value of the measurement of the anti-HAV IgG avidity in improving the accurate diagnosis of acute HAV infection was further supported by the results obtained with serum samples from a routine laboratory. In this group, 27% of patients had an AI of Ͼ70%, suggesting a past infection, which is further supported by HAV RNA negativity. However, we have Most clinicians understand that positive HAV-IgM results are an indication of acute hepatitis A. We show here that HAV IgM detection could correspond to immune reactivations in some cases and that this phenomenon was related to the patient's age. The proportion of probable HAV misdiagnosis may appear to be extremely high in the present series, but our finding is consistent with a recent French study showing that most people over the age of 50 years (82%) had antibodies to HAV (6) . However, the proportion of immune reactivations might have been smaller with a different HAV IgM assay. This point needs to be further studied.
As we have seen, avidity may not be calculable in the early days of infection. Another shortcoming of the avidity assay is that interpretation of a low index is applicable only to natural infection. Indeed, in some vaccinated people, avidity remained low for a very long time after vaccination. This feature of vaccine-induced antibodies has already been shown for the rubella vaccine (13) .
In conclusion, the hepatitis A IgG avidity assay we developed, if used along with conventional serological diagnosis, should help clinicians to diagnose cases of acute hepatitis A, especially in elderly patients.
